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PATTERNS OF BROAJ)-BKAM ANTENNAS OF DIFFERENT POLARIZATIONS 
NEXT TO SIMPLE HANGAR MODELS 

By 0. R. Cockrell 
S1JW4ARY 

Broad-beam antennas of different polarizations radiating ne.'.t to simple 
hangar models are investigated. Expressions that represent the elevation-plane 
patterns of slots in and 1/U X monopoles on a finite rectangular ground plane 
upon which a rectangular scattering object has been placed have been derived 
using geometrical theory of diffraction. These expressions were obtained by 
superposing the infinite ground plane solutions, reflected field solutions from, 
the scattering object, and diffracted field solutions in their respective 
regions of validity. Patterns for a 1/2 X slot (two orientations) and 1/^+ X 
electric monopole are verified experimentally for a n'umber of source locations. 
Data pertaining to the polarization question in regard o the multipath problem 
are presented. 

INTRODUCTIOi: 

'.iThenever an aircraft approaches runways near an air term.inal, the 
antenna onboard may receive signals from a ground antenna via many paths; 

(l) direct radiation, (2) reflected radiation from, the ground and any obstacle 
that may reflect electromagnetic energy to either antenna, and (3) diffracted 
radiation which results from edges and curved obstacles. This many-path problem 
has been given the terr.inology ’’multipath" (refs. 1, 2). Since reflected and 
diffracted signals can have adverse effects on landing systems, knowledge of 
the strength and location of these signals is of great interest. Once this 

iii:iLiur)UClBn,U'y OF 'lu- 
ORIGINAL PA L IS POOR 


information ha.^ been obtairif<i, modi fi cations to the troub J c-i‘a;in i rif’; obstacles 
(such ar natij^ars) could be implement.cJ . Fossibly, the use of '^oi-j'iurat.ed 
suiTac*-" on bu'ldin^s and hanrnrs could btr used to »-"duce the i.'f 

scattered energy/ (refs. 2, 3). This paper, however, is not concerncnl with what 
can be done to reduce or eliminate the interfering signals but is cejncerned 
primarily with overall effects of the scattering obstacles on the total sig'nal. 

The obstacles around air terminals may be very complex structures and, 
therefore, greatly complicate the analysis of predicting the total radiation 
pattern of an antenna located in their vicinity. To formulate a mathematical 
model which completely describes such a complex problem would be a monumental 
task. One approach to the problem, however, would be to m.odel less complicated 
obstacles and then build from these solutiotis to the more complex solutions. 

A practical problem would be one of broad-beam antennas radiating near hangars; 
.measurements of such patterns are not available ’"'or comparison with theoretical 
analysis . 

Tn this paper, the radiation fields of a slot and a nonopolo ir: a finite 
ground plane upon which a scattering object is mounted are analysed via 
geometrical theory of diffraction (GTD) (ref. i»). The analysis consists of 
supplementing the radiation fields for the slot and nonopole in an infinite 
ground plane by the additional field contributions arising from the reflection 
off the scattering object and diffraction by the edges of the object .and by the 
edges of the finite ground plane. Py allowing the edge to be moved farther 
from the scattering object, the practical problem, m.entioned in the previous 
paragraph con be better approached. 

The infinite grouiid i-'laoe n* readily obt':'!’* ’ 

aperture integration or Fourier transform techniques over an assaned aperture 



3 


field distribution for slot untt-nnas and the vector potential technique for a 
mor.crole above an infinite (X^^’und plane. These resulting fields may be viewed 
as tr.e fields associated with i-:xys directly radiated by the ar'»rt'xr-e (monopole) 
in vCr. the infinite ground plane. These infinite ground plane solutions are 
then only valid in regions which are not blocked by any scattering object on 
the ground plane and above the ground plane itself. 

The resultant fields thus far formulated are modified by includir^g the 
reflections from the flat face of the object placed on the ground plane and 
by employing the compact dyadic edge diffraction coefficient developed by 
Kcuyoumjian and Pathak (ref. U) at the ground plane and object edges. Their 
edge diffraction coefficient provides a field which is discontinuous in such a 
manr;sr as to compensate for the discontinuities associated with the incident 
and reflected fields so that the total field is continuous throughout. The 
diffracted field, therefore, supplements the infinite ground nlane field arl 
reflected field in their range of validity and accounts solely for the field 
in the shadow region (behind the scattering object and behind the ground plane) 
where the infinite ground plane field ajid reflected fie^d are sere. 

To verify the analysis, scale models on finite ground planes were built. 
Elevation- plane patterns for two different scattering objects placed on a 
finite ground plane were measured for five different source locations. The 
t„rpe sc’urces used were the electric quarter-wavelength monop'Cle and the half- 
wavelength narrow rectang.ilar slot (both orientations to simulate both polar- 
isations). These measured patterns were compared to the computed patterns 
obtained by using the expressions derived in this paper. Calculated patterns 
for the magnetic quarter-wavelength monopole source are included *-o 
invest imat»* the question of polarization. 
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'i!''IOPY 


^.r. finite Jrour.r. .‘lane rTolu^icr.j 

■-’he infir.ite ground plane colutior.s are f-.c.’ ' rir . i e] i i.oluti '■■rt?; for a 
slot 'a by b; within an infinite perfectly conductiny. yround plane and for 
a 1/U A nonopole on an infinite perfectly conducting ground plane. These 
solutions are readily obtained by Fourier transfonr techniques or aperture 
integration techniques. The aperture distributions vrithin (on) the slot 
(nonopole) are assumed to be sinusoidal along their lengths and uniform in 
their transverse directions, '.v^ith reference to figure 1, the far-field 
expressions for the case when the narrow dimension (a) of the rec+angu]ar slot 
is parsllel to the face of the scattering object are given as 
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SimiZarly, the far-field expressions when the long dimension (a) of the slot 
is parallel to the face of the scattering object are given as 


Eon ~ sin 1 — 
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Tka far-field expressions for electric and magnetic qaater -wavelength 
Eonopcles on a infinite ground plane are given, respectively, as 
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By restricting the analysis to the y-z plane (t|) = 90, ?TC), the field 
components perpendicular to the y-z plane for equations (l), (3), (i>) and (6) 
are written, respectively, as 
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B. Reflected f^ieldc Krom Vertical Structure 

Triage theory is ernployed to determine the fields from the vertical 
reflecting surface siiown in figure 1; i.e., the reflected fields arc the fields 
produced by "imaged sources" which are placed an equidistance behind the 
reflecting sxirface as the real sources are placed in front. The strength, 
phase and polarization of these fields depend on the strength, phase and 
polarization of the real sources at the reflecting points. These reflected 
fields are only valid in the range of real source angles which intercept the 
reflecting surface. For a typical reflection point, the components of the 
reflected fields corresponding to the components of the direct fields given 
in equations (7-10 ) are given, respectively, as 



where 0^ is incident angle of the source field at the reflecting surface and 
R is the distance from the image source to the field point. 
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C. Diffracted Fields From Ground Plane Edge and Vert^csl Ctruc-tuiT Fdp;e 

A detailed description of '■-lectromagnet ic wedge diffraction ic given in 
reference Applications, based on the diffraction cocf f ici r.ntr derived in 
reference U, are given in reference 5« 

From reference k the diffracted electric and magnetic fields may be 
expressed, respectively, as 


E-* - P (Qj) • 


ll/‘ 


s)j 


-Jks 


do) 


(Se) • D„ 


-.iXs 


where (Qg) and (Qg) are the electric and magnetic fields, 
respectively, at a point edge (cn the ground plane or any edge of 

vertical structure) which is incident from the source (or an edge which acts 
like a source) and = - $-6. D - $ D . The distances s and s and 

JUS 44 

h s 

the unit vectors are shown in figure 2a. is given by (ref. eq. 113 or 

V 

ref. 5, eq. U) 
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where (ref. eq. llU or ref. eq. 3. 
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and (ref. eq. 115 or ref. 5, eq. 6 ) 


F[Ka^(S)] = i[Ka^(6)]^'^^iezp[jKa (B)] f exv (-jT)dT 


( 1 ?) 


where (ref. U, eq. Il6 or ref. 5, eq. T) 

a“(6) = 1 + cos (- g + 2n N“tt) (20) 

+ 

in which N is the positive or negative integer or zero, which most 
nearly satisfies (ref. it, eq. 117 or ref. 5, eq. 8) 


2n7TN~ - 6 = -'TT 
2n7rN'*’ - g =7 t 

K = kL where k = free- space wavenumber and 


s* s sin^g^ 
s + s' 


' 2 ’ ^ 


The diffracted field problem for the 2-dimensional geometry shown in 
fig"are 2-b is now formulated for the different tj’p'e sources considered in this 
paper. Since the application in mind is one of an aircraft or helicopter in 
the vicinity of buildings, hangars, etc., the analysis is further restricted 
to the coverage above the ground plane shown in figure 1. Diffracted fields 
from the points A, 3, C, and D are included in the analyses. The diffracted 
fields or rays from A-P and B-P are the direct-diffracted rays which are valid 
so long as they are not blocked by a scattering object (ground plane and 
vertical structure). The rays C-P and D-P are referred to as the diffracted- 
diffracted rays which depend on the strength of the fields at A and 3, 

respectively. The rays A-Q-P and 3-Q-P are dif fracted-reflected rays. Efich. of 

% 

the rays discussed has its range of validity and care must be exercised in 
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whether a particular ray should be inc]iided in the total field. *'l£iny additional 
multiple diffractions could be included tut for the p,eometries conri lored in 
this caper their contributions to the ’.otoL field are small and ti'crefoj-o have 
been omitted. Rather than explicitly writing the diffracted field for every 
case discussed above, it will merely be stated that the contribution from each 
of the diffraction points can be written in the form indicated by equations (l6). 
A superposition of the complex diffracted fields, the direct fields and the 
reflected fields make up the total field. 

CALCULATED AND MEASURED RESULTS 

The model consisted of a 1.27 ^ 30. x 6 O .96 cm aluminum ground plane 
in which five square holes were cut. The distances between the holes were 
chosen arbitrarily but unequal to allow for more general source locations. 

Only one hole at a tine was used for the slot or r.cnopole source, hence, the 
remaining four holes w^ere plugged so that continuity in the ground plane at 
these holes was maintained. Aluminum rectangular scattering objects were 
placed on the ground plane 7.62 cm ( 8.89 from the closest hole (source). 

Elevation- plane patterns for two rectangular scattering objects 
5.08 X 6.35 cm ( 5.92 A X 7. Ill X) and 1.62 x 6.35 cm ( 8.89 A x 7.iil X) ani for 
two type sources (l/2 X slot and ]./^ A electric noncpole) were measured; the 
measuronents were made for the five different source locations at a frequency 
of 35 jHz. To investigate both parallel and perpendicular polarizations on 
the scattering object, both slot orientations were included in the 
measurements. 

For comparison calculated e 1 ev-’-f- ’ r- patterns, us'r.g ^ - 

described in this paper, and measured elevation-plane patterns are shown in 



RF^>ROT)UCU’n trv w 

OPiGiNAL. PAG^ 11 

ficures 3-6. Figures 3 and h are the patterns for the 1/2 X slot with 
h = 5.C^. citi ( 5.92 X) and h = '^.62 err. ( 8.89 X) ecatteri-ng objects, respectively, 
and fi^.irer 5 and £ are the p&tterns for ther 1/X > .:<iecti ic lacnoy.Io vitl t;hc 
3ac.e two scattering objects. The agreement obtained in the.se patterns is quite 
good, even in the detail of the ripple in the patterns; thereby, demonstrating 
that the equations developed in this paper do predict the patterns quite well 
(see figs. 3-6). The greatest disagreement occurs in the region of least 
interest which i.s behind the scattering object; the agreement in this region 
could be improved if diffractions from the back edge of the ground plane v:re 
included in the analysis. The magnitude of the ripple in tie patterns 
decreases as the source distance increases; this is easily seen in the parallel - 
polarization patterns shown in figures 3 and h. 

To gain further insight into the polarization question, calculated 
patterns for a magnetic mcncpcle were performed for the same five locations 
as the electric nonopole. Figui-e 5 compares the magnitude of the ratios. 


direct/indirect fields, cf the electric ena .magnetic nonopole sources at the 
five different locations for h = f.OS cm (5*92 X) scattering object as a 
function of the elevat ion-plane angle, 6. Inspection cf these ficares clearly 
shows that both parallel and perpendicular-polarized antennas can produce 
indirect fields (reflected and diffracted fields) which can be greater than 
the direct field. The greater indirect fields for parallel pclarioaticn , 
however, occur for a wider range cf angles. In fact, indirect fields greater 
than the direct field do not occur at all for perpendicular polarization for 
magnetic monopoles located 13. cm (22.22 X) and 25.^0 cm ( 29.63 X) away from 
the scattering object (see - '' ' ^c) . Computer runs m. ii 


realistic physical models were made, resulting in essentially the same 
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conclusions; i.e., that indirect l ^elds can be greater than lirect fields but 
with aore rapid variations in the total field off the ground plane edge. It 
shouli be pointed out that any conclusions as to which polarization is best 
for a system can critically depend on the particular system application and 
geometry of the problem. 

CONCLUDING REMARKS 

Expressions that represent the elevation- plane patterns of slots in and 
1/1+ X mcnopoles on a finite rectangular ground upon which a rectangular 
scattering object has been place have been derived using geometries^, theory of 
diffraction. The agreement between the measured and calculated elevation-plane 
patterns is quite good for both slot and monopole sources. This agreement 
demonstrates that the analysis developed in this paper is a valid one and 
suggests the possibility of using the same techniques fer mere complex rroclems. 
The results of the simple models investigated do offer invaluable infcrciaticn 
about the polarization question; i.e., polarization selection in regards tc 
multipath depends on the application and the geometry of the problem. 
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Fig. 1. Model of geometry. 






a) general rays 



Fig. 2. Geometry for diffracted rays. 





perpendicular polarization 


a) d = 7. 62 cm 

Fig. 3. Elevation-plane patterns of l/2Aslot for h= 5.08 cm at 35. GHz. 
Calculated , Measured . 




parallel polarizatio.i 


0 ° 



perpendicular polarization 


b) d==10. 16 cm 
Fig. 3. Continued. 




parallel polarization 



perpendicular polarization 

c) d = 13. 94 cm 
Fig. 3. Continued. 



perpendicular polarization 
d) d == 19. 05 cm 


Fig. 3. Continued 




parallel polarization 



e) d— 25. 40 cm 


Fig. 3. Concluded, 





perpendicular polarization 
a) d =7. 62 cm 

Fig. 4. Elevation-plane patterns of l/zAslot for h=7.62 cm at 35. GNz. 
Calculated , Measured . 
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perpendicular polarization 


b) d=10. 16 cm 
Fiq. 4. 


Continued, 




parallel polarization 



perpendicular polarization 


c) d = 13. 94 cm 


Fig. 4. Continued. 




parallel polarization 



perpendicular polarization 


d) d= 19. 05 cm 
Fig. 4. Continued. 
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parallel polarization 



perpendicular polarization 


e) d = 25. 40 cm 
Fig. 4. Concluded. 
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b) d= 10. 16 cm 


Fig. 5. Elevation-plane patterns of l/4^electric monopole for h=5. 08 cm 
at 35. GHz. Calculated , Measured . 




d) d=19.05cm 


Fig. 5. Continued, 






Fig. 6. Elevation-plane patterns of l/4Aelectric monopole for h 
at 35. GHz. Calculated .Measured •. 







Fig. 6. Concluded. 




a) d=7. 62 cm 


0 ° 



b) d =10. 16 cm 


Fig. 7. Calculated elevation-plane patterns of l/4A magnetic monopole 
for h=5. 08 cm at 35. GHz. 



c) d= 13.94 cm 



Hr=iQ.05cm 


Fig. 7. Continued, 
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e) d=25.40 cm 
Fig. 7. Concluded. 
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a) d= 7. 62 cm 


Fig. 8. Ratio of the magnitude of direct to indirect fields of monopoles as 
a function of elevation angle for h=5. 08 cm. 
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b) d-=10. 16 cm 



Fig. 8. Continued. 
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Fig. 8. Concluded.e) d=25.40 cm 



